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1.0 INTRODUCTION AND DESCRIPTION OF  THE WATERSHED  

 

 The Middle Sheyenne River sub-basin (09020203) collectively covers approximately 2,005 

square miles, or 1,283,384 acres and is located within seven counties (Barnes, Benson, Eddy, 

Foster, Griggs, Nelson, Steele, and Stutsman Counties) (Table 1 and Figure 1).  For the purposes 

of this TMDL, the impaired stream segments are located in Griggs and Barnes counties that 

comprise a watershed area of approximately 488,125 acres.  The Baldhill Creek, Silver Creek, 

and unnamed tributary impaired stream segments lies within the level III Northern Glaciated 

Plains (46) ecoregion. 

Table 1. General Characteristics of Baldhill Creek, Silver Creek, and Unnamed Tributar y. 

Legal Name Baldhill Creek, Silver Creek, and unnamed tributary 

Stream Classification Class II and III 

Major Drainage Basin Sheyenne River 

8-Digit H ydrologic Unit 09020203 

Counties  Griggs and Barnes 

 Level III Ecoregion Northern Glaciated Plains (46) 

Watershed Area (acres) 488,125 

 

 
Figure 1.  Middle Sheyenne River Sub-basin and Baldhill Creek Watershed in North 

Dakota. 
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1.1 Clean Water Act Section 303(d) Listing Information 

Based on the 2012 Section 303 (d) List of Impaired Waters Needing TMDLs (NDDoH, 

2012), the North Dakota Department of Health has identified a 30.21 mile segment of 

Baldhill Creek from a tributary watershed (ND-09020203-005-S_00) downstream to 

Lake Ashtabula as fully supporting but threatened for recreational uses, a 38.51 mile 

segment of Silver Creek, including Gunderson Creek and all tributaries as not supporting 

for recreational uses, and an unnamed tributary watershed to Baldhill Creek (ND-

09020203-007-S) as not supporting for recreational uses.  The impairments are due to 

Escherichia coli (E. coli) bacteria (Tables 2, 3, 4 and Figure 2).   

 

Table 2. Baldhill Creek Section 303(d) Listing Information for Assessment Unit ID ND-

09020203-002-S_00 (NDDoH, 2012). 

Assessment Unit ID ND-09020203-002-S_00 

Waterbody 

Description 

Baldhill Creek from tributary watershed (ND-09020203-005-

S_00) downstream to Lake Ashtabula.  Located in Griggs and 

Barnes County. 

Size 30.21 miles 

Designated Use Recreation 

Use Support Fully Supporting but Threatened 

Impairment  E. coli 

TMDL Priority  High 

 

Table 3. Silver Creek Sect E. coli ion 303(d) Listing Information for Assessment Unit ID 

ND-09020203-004-S_00 (NDDoH, 2012). 

Assessment Unit ID ND-09020203-004-S_00 

Waterbody 

Description 

Silver Creek, including Gunderson Creek and all tributaries.  

Located in southern Griggs County. 

Size 38.51 miles 

Designated Use Recreation 

Use Support Not Supporting 

Impairment  E. coli 

TMDL Priority  High 
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Table 4. Unnamed Tributary to Baldhill Creek Section 303(d) Listing Information for 

Assessment Unit ID ND-09020203-008-S_00 (NDDoH, 2012). 

Assessment Unit ID  ND-09020203-008-S_00 

Waterbody 

Description 

Unnamed tributary water to Baldhill Creek (ND-09020203-

007-S).  Located in NW Griggs County. 

Size  16.07 miles 

Designated Use Recreation 

Use Support Not Supporting 

Impairment  E. coli 

TMDL Priority  High 

 

 
Figure 2.  Baldhill Creek, Silver Creek, and Unnamed Tributary TMDL Listed Segments. 
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1.2 Ecoregions 

 

The Baldhill Creek watershed lies within three level IV ecoregions.  These are the End 

Moraine Complex ecoregion (46f), Drift Plains ecoregion (46i), and Glacial Outwash 

ecoregion (46j) (Figure 3).  The End Moraine Complex ecoregion (46f) is composed of 

blocks of material scraped off and thrust up by the continental glacier at the south end of 

the Devils Lake basin.  The western part of the ecoregion exhibits similar stagnate 

moraines similar to the Missouri Coteau while the southern moraines contain slightly 

higher elevations resulting in wooded lake boundaries and morainal ridges.  Land use 

within the End Moraine Complex ecoregion consists of mixed range and cropland 

depending on slope and presence of rocky soil.   

The Drift Plains ecoregion (46i) was created from the retreating Wisconsinan glaciers 

which left a subtle rolling topography and thick glacial till.  A large number of temporary 

and seasonal wetlands are found in the Drift Plains.  The Drift Plains contain productive 

soils and level topography which largely favors cultivation practices.  Historic grasslands 

of transitional and mixed grass prairie have been replaced with fields of spring wheat, 

barley, sunflowers, and alfalfa. The Glacial Outwash ecoregion (46j) is characterized by 

smoother topography and soils with high permeability and low water holding capacity.  

Cropland production is poor to fair with most areas being used for irrigated agriculture 

(USGS, 2006). 

 

 
Figure 3.  Level IV Ecoregions in the Baldhill Creek Watershed. 
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1.3 Land Use  

 

According to National Agricultural Statistics Service (NASS) 2007 land cover data, the 

dominate land use in the Baldhill Creek watershed is  agricultural with 68 percent used 

for cropland, 18 percent grassland/pasture, and the remaining 13 percent a combination of 

water, wetlands, or developed/open space (Figure 4).  The dominant crops grown in the 

watershed are soybeans, spring wheat, corn, sunflowers, and barley. 

  
Figure 4.  Land Use in the Baldhill Creek Watershed (NASS, 2007). 

1.4 Climate and Precipitation 

 

Precipitation data for the Baldhill Creek watershed was obtained from the North Dakota 

Agricultural Weather Network (NDAWN) station located near Dazey, ND in the 

southeast corner of the watershed.  Figure 5 shows monthly precipitation data averaged 

for the years of 1993-2008 compared to the precipitation totals for each month during 

2009 and 2010.  Snowfall data had not been converted into precipitation for the months 

of January through March and November through December so those months do not 

appear in Figure 5.  
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Figure 5. Monthly Precipitation for the NDAWN Weather Station Located Near  

Dazey, ND. 

 

1.5 Available Data   

 

1.5.1 E. coli Bacteria Data 

 

E. coli bacteria samples were collected at one location within each TMDL listed stream 

reach (Figure 6).  The monitoring site located on Baldhill Creek (ND-09020203-002-

S_00), station ID 384126, is located 2.5 miles north and 3.25 miles east of Dazey, ND.  

Monitoring site 384129, is located on Silver Creek (ND-09020203-004-S_00) 1.5 miles 

southeast of Walum, ND.  Monitoring site 384124, is located on an unnamed tributary to 

Baldhill Creek (ND-09020203-008-S_00) two miles north of Highway 200. 

 

Sites 384124, 384129, and 384126 were monitored weekly or when flow conditions were 

present during the recreation season (May-September) of 2009 and 2010.  Each 

monitoring station was sampled by the Griggs County Soil Conservation District.  

 

Table 5 provides a summary of E. coli geometric mean concentrations, the percentage of 

samples exceeding 409 CFU/100mL for each month and the recreational use assessment 

by month. The geometric mean E. coli bacteria concentration and the percent of samples 

over 409 CFU/100ml was calculated for each month (May-September) using those 

samples collected during each month in 2009 and 2010.   
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Table 5.  Summary of E. coli Bacteria Data for Sites 384124, 384129, and 384126 (Data 

Collected in 2009 and 2010). 

384124 

Recreational Season May June July August September 

Number of Samples 7 10 5 0 0 

Geometric Mean 16 84 125 N/A N/A 

% Exceeded 409 CFU/100 mL 0% 10% 40% N/A N/A 

Recreational Use Assessment FS FS FSBT INSFD INSFD 

384129 

Recreational Season May June July August September 

Number of Samples 8 10 8 9 4 

Geometric Mean 16 93 193 149 108 

% Exceeded 409 CFU/100 mL 0% 10% 38% 22% 25% 

Recreational Use Assessment FS FS NS NS FSBT 

384126 

Recreational Season May June July August September 

Number of Samples 8 10 8 10 8 

Geometric Mean 22 105 68 44 43 

% Exceeded 409 CFU/100 mL 13% 0% 0% 10% 13% 

Recreational Use Assessment FSBT FS FS FS FSBT 

FS ï Fully Supporting; FSBT- Fully Supporting but Threatened; NS ï Not Supporting; INSFD ï Insufficient Data 

 

Analysis of E. coli data collected at site 384124 in 2009 and 2010 demonstrated that the 

months of May and June were fully supporting recreation use.  Based on the geometric 

mean and percent exceeded calculations for the month of July, recreation use was fully 

supporting, but threatened (Table 5 and Appendix A).  Recreational use could not be 

assessed for the months of August and September due to an insufficient amount of 

samples taken in 2009 and 2010.  

 

The recreational use support assessment for site 384129 concluded that during the months 

of July and August recreation use was not supporting and during May and June recreation 

use was fully supporting (Table 5 and Appendix A).  Recreation use could not be 

assessed for the month of September due to an insufficient amount of samples taken in 

2009 and 2010. 

 

Based on the E. coli data collected in 2009 and 2010 for site 384126, recreation use for 

May and September was assessed as fully supporting, but threatened (Table 5 and 

Appendix A).  For the months of June, July, and August, recreation use was assessed as 

fully supporting.  

 

1.5.2 Hydraulic Discharge 

 

Daily stream discharge values were collected at one stream location within the Baldhill 

Creek watershed.   This location was at the United States Geological Survey (USGS) 

gage station located on  Baldhill Creek near Dazey, ND (05057200).  The USGS station 

has operated continuously since 1957 and is collocated with the North Dakota 

Department of Health (NDDoH) monitoring location 384126.   
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A discharge record was constructed for Silver Creek (ND-09020203-004-S_00) and 

unnamed tributary to Baldhill Creek (ND-09020203-008-S_00) using the Drainage Area 

Ratio Method (Ries et al., 2000) and the historical discharge measurements collected by 

the USGS at gage station (05057200) from 1990-2010 (Figure 6).  

 

              
  Figure 6.  E. coli Bacteria Sample Sites and USGS Gage Station 05057200 on 

Baldhill Creek. 

 

  

 2.0 WATER QUALITY STANDARDS  

 

The Clean Water Act requires that Total Maximum Daily Loads (TMDLs) be developed for 

waters on a state's Section 303(d) list.  A TMDL is defined as ñthe sum of the individual 

wasteload allocations for point sources and load allocations for non point sources and natural 

backgroundò such that the capacity of the waterbody to assimilate pollutant loadings is not 

exceeded.  The purpose of a TMDL is to identify the pollutant load reductions or other actions 

that should be taken so that impaired waters will be able to attain water quality standards.  

TMDLs are required to be developed with seasonal variations and must include a margin of 

safety that addresses the uncertainty in the analysis.  Separate TMDLs are required to address 

each pollutant or cause of impairment, which in this case is E. coli bacteria. 
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2.1 Narrative North Dakota Water Quality Standards 

 

The North Dakota Department of Health has set narrative water quality standards that 

apply to all surface waters in the State.  The narrative general water quality standards are 

listed below (NDDoH, 2011). 

  

¶ All waters of the State shall be free from substances attributable to municipal, 

industrial, or other discharges or agricultural practices in concentrations or 

combinations that are toxic or harmful to humans, animals, plants, or resident 

aquatic biota. 

 

¶ No discharge of pollutants, which alone or in combination with other substances 

shall: 

 

a. Cause a public health hazard or injury to environmental resources; 

b. Impair existing or reasonable beneficial uses of the receiving water; or  

c. Directly or indirectly cause concentrations of pollutants to exceed    

    applicable standards of the receiving waters. 

 

In addition to the narrative standards, the NDDoH has set biological goal for all surface 

waters in the state.  The goal states ñthe biological condition of surface waters shall be 

similar to that of sites or waterbodies determined by the department to be regional 

reference sitesò (NDDoH, 2011). 

2.2 Numeric North Dakota Water Quality Standards 

 

Baldhill Creek (ND-09020203-002-S_00) is a Class II stream.  The NDDoH definition of 

a Class II stream is shown below (NDDoH, 2011). 

 
    

Class II- The quality of the waters in this class shall be the same as the quality of class I 

streams, except that additional treatment may be required to meet the drinking water 

requirements of the department.  Streams in this classification may be intermittent in 

nature which would make these waters of limited value for beneficial uses such as 

municipal water, fish life, irrigation, bathing, or swimming. 

  

Silver Creek (ND-09020203-004-S_00) and unnamed tributary to Baldhill Creek (ND-

09020203-008-S_00) are Class III streams.  The NDDoH definition of a Class III stream 

is shown below (NDDoH, 2011). 

 

Class III - The quality of the waters in this class shall be suitable for agricultural and 

industrial uses.  Streams in this class generally have low average flows with prolonged 

periods of no flow.  During periods of no flow, they are of limited value for recreation 

and fish and aquatic biota.  The quality of these waters must be maintained to protect 

secondary contact recreation uses (e.g., wading), fish and aquatic biota, and wildlife uses. 

 

Table 6 provides a summary of the current numeric E. coli criteria which applies to Class 

II and III streams.   The E. coli bacteria standard applies only during the recreation season 

from May 1 to September 30. 
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Table 6.  North Dakota Bacteria Water Quality  Standards for Class II and III Streams. 

Parameter 
Standard 

Geometric Mean
1 

Maximum
2 

E. coli Bacteria 126 CFU/100 mL 409 CFU/100 mL 
 1 Expressed as a geometric mean of representative samples collected during any consecutive 30-day period. 

 2 No more than 10 percent of samples collected during any consecutive 30-day period shall individually exceed the standard. 

 

 

3.0 TMDL TARGETS  

 

A TMDL target is the value that is measured to judge the success of the TMDL effort.  TMDL 

targets must be based on state water quality standards, but can also include site specific values 

when no numeric criteria are specified in the standard.  The following TMDL target for Baldhill 

Creek, Silver Creek, and unnamed tributary to Baldhill Creek is based on the NDDoH water 

quality standard for E. coli bacteria. 

 

3.1 Baldhill  Creek, Silver Creek, and Unnamed Tributary to Baldhill Creek Target 

Reductions in E. coli Bacteria Concentrations   
 

Baldhill Creek, Silver Creek, and unnamed tributary to Baldhill Creek are impaired 

because of E. coli bacteria.  Baldhill Creek, Silver Creek, and unnamed tributary are 

classified as not supporting to fully supporting, but threatenedfor recreation uses due to 

E. coli bacteria counts exceeding the North Dakota water quality standard.  The North 

Dakota water quality standard for E. coli bacteria is a geometric mean concentration of 

126 CFU/100 mL during the recreation season from May 1 to September 30.  Thus, the 

TMDL target for this report is 126 CFU/100 mL.  In addition, no more than ten percent 

of samples collected for E. coli bacteria should exceed 409 CFU/100 mL.   

 

While the standard is intended to be expressed as a 30-day geometric mean, for purposes 

of these TMDLs, the target is based on an E. coli concentration of 126 CFU/100 mL 

expressed as a daily average based on individual grab samples.  Expressing the target in 

this way will ensure the TMDL will result in both components of the standard being met 

and recreational uses are restored. 

 

4.0 SIGNIFICANT SOURCES 

 

 4.1 Point Source Pollution Sources 

 

Within the Baldhill Creek watershed, there is a municipal point source located in 

Hannaford, ND located on segment ND-09020203-002-S.  This facility (North Dakota 

Pollutant Discharge Elimination System (NDPDES) permit No. NDG221482) is 

permitted through the NDPDES Program.  The Hannaford facility discharges 

intermittently into Baldhill Creek, generally for short periods of time.  A review of the 

city of Hannafordôs Discharge Monitoring Reports (DMRs) showed E. coli results from a 

grab sample indicating a concentration of 20 CFU/100mL in the one cell lagoon.  The 

DMR data also show that each wastewater discharge lasted 3 to 8 days and totaled 10 

million gallons of water.  While the DMR review reported a 20 CFU/100 mL E.coli 

bacteria concentration from the lagoon, the E. coli bacteria water quality standard of 126 

CFU/100 mL will be used in the waste load allocation (WLA) for TMDL segment ND-

09020203-002-S.   
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There are four known animal feeding operations (AFOs) in the contributing watershed of 

Baldhill Creek, Silver Creek and unnamed tributary.  The four AFOs in the Baldhill 

Creek  watershed include one small (0-300 animal units (AUs)) AFO and three medium 

(301-999 AUs) AFOs which have a permit to operate. All four AFOs are zero discharge 

facilities and are not deemed a significant point source of E. coli bacteria loadings to 

Baldhill Creek, Silver Creek, or unnamed tributary. 

 

4.2 Nonpoint Source Pollution Sources 

 

The TMDL listed segments of Baldhill Creek, Silver Creek, and unnamed tributary are 

experiencing E. coli bacteria pollution from nonpoint sources in the watersheds.  

Livestock grazing and watering in close proximity to these streams is common.   

   

This area of North Dakota typically experience short duration but intense precipitation 

during the spring and early summer months.  These storms can cause overland flooding 

and rising river levels.  Due to the close proximity of livestock grazing and watering to 

the stream, it is likely that livestock contribute to the E. coli bacteria pollution in the 

TMDL listed stream segments.  

 

These assessments are supported by the load duration curve analysis (Section 5.3) which 

shows exceedences of the E. coli bacteria standard occurring during moist and dry flow 

regimes.   

 

Wildlife may also contribute to the E. coli bacteria found in the water quality samples, 

but most likely in a lower concentration.  Wildlife are nomadic with fewer numbers 

concentrating in a specific area, thus decreasing the probability of their contribution of 

fecal matter in significant quantities. 

 

Septic system failure might contribute to the E. coli bacteria in the water quality samples.  

Failures can occur for several reasons, although the most common reason is improper 

maintenance (e.g. age, inadequate pumping).  Other reasons for failure include improper 

installation, location, and choice of system.  Harmful household chemicals can also cause 

failure by killing the bacteria that digest the waste.  While the number of systems that are 

not functioning properly is unknown, it is estimated that 28 percent of the systems in 

North Dakota are failing (EPA, 2002). 

 

5.0 TECHNICAL ANALYSIS  

 

In TMDL development, the goal is to define the linkage between the water quality target and the 

identified source or sources of the pollutant (i.e. E. coli bacteria) to determine the load reduction 

needed to meet the TMDL target.  To determine the cause and effect relationship between the 

water quality target and the identified source, the ñload duration curveò methodology was used. 

 

The loading capacity or total maximum daily load (TMDL) is the amount of a pollutant (i.e., E. 

coli bacteria) a waterbody can receive and still meet and maintain water quality standards and 

beneficial uses.  The following technical analysis addresses the E. coli bacteria reductions 

necessary to achieve the water quality standards target for E. coli bacteria of 126 CFU/100 mL 

with an explicit margin of safety of 10 percent. 
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5.1 Mean Daily Stream Flow 

 

Daily stream discharge values were collected at one stream location within the Baldhill 

Creek watershed.   This location was at the USGS gage station located on  Baldhill Creek 

near Dazey, ND (05057200).  The USGS station has operated continuously since 1957 

and is collocated with the NDDoH monitoring location 384126.  For the purposes of this 

assessment, the last twenty years (1990-2010) of historical discharge records will be used 

to describe the hydrology of the Baldhill Creek watershed.  This block of time should 

account for wet and dry cycles through the hydrological history of USGS gage station 

05057200.  From 1990 to 1992, the annual mean discharge of Baldhill Creek near Dazey, 

ND was very low most likely due to drought conditions in the late 1980ôs.  Then in 1993-

2001 the mean annual discharge fluctuated from average to above average flows most 

likely due to a wet cycle, then begins to drop significantly in 2002 thru 2008 (Figure 7).  

In 2009 and 2010, the discharge was 2.9 and 1.5 times higher than the average annual 

discharge of 1990-2010 which was calculated at 50 cfs.  This can be attributed to record 

snowfalls and above average spring rains that were present all across North Dakota.   

 

 
Figure 7.  Mean Annual  Discharge at the USGS Gage Station 05057200 on Baldhill 

Creek near Dazey, ND. 

 

In northeastern North Dakota, rain events are variable generally occurring during the 

months of April through October (Figure 5).  Rain events can be sporadic and heavy or 

light, occurring over a short duration. Precipitation events of large magnitude, occurring 

at a faster rate than absorption, contribute to high runoff events.  These events are 

represented by runoff in the high flow regime.  The medium flow regime is represented 

by runoff that contributes to the stream over a longer duration.  The low flow regime is 

characteristic of drought or precipitation events of small magnitude and do not contribute 

to runoff. 

 

Flows for the ungaged water quality monitoring sites 384124 and 384129 were 

determined by utilizing the Drainage-Area Ratio Method developed by the USGS (Ries 

et. al, 2000).  The Drainage-Area Ratio Method assumes that the streamflow at the 

Mean Annual  

Discharge=50 cfs 
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ungaged site is hydrologically similar (same per unit area) to the stream gaging station 

used as an index. This assumption is justified since the ungaged sites 384124 and 384129 

are located within the same watershed and located upstream of the index station, USGS 

gaging station 05057200. 

 

Drainage area and landuse for the ungaged sites 384124 and 384129 and index station 

05057200 were determined through GIS using digital elevation models (DEMs). 

Streamflow data for the index station 05057200 were obtained from the USGS Water 

Science Center website.  The index station 05057200 daily streamflow data were then 

divided by the drainage area for the site to determine daily streamflows per unit area at 

the index station.  Those values were then multiplied by the drainage area for the ungaged 

sites to obtain estimated daily flow for the ungaged sites. 

 

  5.2 Flow Duration Curve Analysis 

 

The flow duration curve serves as the foundation for the load duration curve used in the 

TMDL.  Flow duration curve analysis looks at the cumulative frequency of historic flow 

data over a specified time period.  A flow duration curve relates flow (expressed as mean 

daily discharge) to the percent of time those mean daily flow values have been met or 

exceeded.  The use of ñpercent of time exceededò (i.e., duration) provides a uniform 

scale ranging from 0 to 100 percent, thus accounting for the full range of stream flows for 

the period of record (1990-2010).  Low flows are exceeded most of the time, while flood 

flows are exceeded infrequently (EPA, 2007). 

 

A basic flow duration curve runs from high to low (0 to 100 percent) along the x-axis 

with the corresponding flow value on the y-axis (Figure 8).  Using this approach, flow 

duration intervals are expressed as a percentage, with zero corresponding to the highest 

flows in the record (i.e., flood conditions) and 100 to the lowest flows in the record (i.e., 

drought).  Therefore, as depicted in Figure 8, a flow duration interval of 25 percent, 

associated with a stream flow of 31 cfs, implies that 25 percent of all observed mean 

daily discharge values equal or exceed 31 cfs. 

 

Once the flow duration curve is developed for the stream site, flow duration intervals can 

be defined which can be used as a general indicator of hydrologic condition (i.e. wet vs 

dry conditions and to what degree).  These intervals (or zones) provide additional insight 

about conditions and patterns associated with the impairment (E. coli bacteria in this 

case) (USEPA, 2007).  As depicted in Figure 8, the flow duration curve for site 384126, 

representing TMDL segment ND-09020203-002-S, was divided into four zones, one 

representing high flows (0-10 percent), another for moist conditions (10-45 percent), one 

for dry conditions (45-92 percent) and one for low flows (92-98 percent).  Based on the 

flow duration curve analysis, no flow occurred two percent of the time (98 to 100 

percent).  

 

Similarly, as depicted in Figure 9, the flow duration curve for water quality site 384129, 

representing TMDL segment ND-09020203-004-S, was also divided into four zones, one 

representing high flows (0-5 percent), another for moist conditions (5-42 percent), dry 

conditions (42-89 percent), and one for low flows (89-98 percent).  Based on the flow 

duration curve analysis, no flow (or zero flow) was met or exceeded 98-100 percent.   
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Likewise, as depicted in Figure 10, the flow duration curve for water quality site 384124, 

representing TMDL segment ND-09020203-008-S, was also divided into four zones, one 

representing high flows (0-10 percent), another for moist conditions (10-40 percent), dry 

conditions (40-83 percent), and one for low flows (83-98 percent).  Based on the flow 

duration curve analysis, no flow (or zero flow) was met or exceeded 98-100 percent. 

 

These flows intervals were defined by examining the range of flows for the site for the 

period of record and then by looking for natural breaks in the flow record based on the 

flow duration curve plot (Figures 8 - 10).  A secondary factor in determining the flow 

intervals used in the analysis is the number of E. coli bacteria observations available for 

each flow interval. 

 

 
Figure 8.  Flow Duration Curve for Baldhill Creek  Monitoring  Station 384126 Located 

near Dazey, North Dakota. 
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Figure 9.  Flow Duration Curve for the Silver Creek Monitoring Station 384129 

Located near Walum, North Dakota. 

 

 
Figure 10.  Flow Duration Curve for the Unnamed Tributary  Monitoring Station 

384124 Located north of Highway 200 in Griggs County, North Dakota. 
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5.3 Load Duration Analysis 

 

An important factor in determining NPS pollution loads is variability in stream flows and 

loads associated with high and low flow. To better correlate the relationship between the 

pollutant of concern and the hydrology of the Section 303(d) TMDL listed segments, a 

load duration curve was developed for the Baldhill Creek, Silver Creek, and unnamed 

tributary. The load duration curves for the three TMDL listed reaches were derived using 

the E. coli bacteria TMDL target of 126 CFU/100 mL and the mean daily flows and flow 

duration curves generated as described in Sections 5.1 and 5.2.  

 

Observed in-stream E. coli bacteria data obtained from monitoring sites 384124, 384126, 

and 384129 in 2009 and 2010 (Appendix A) were converted to a pollutant load by 

multiplying E. coli bacteria concentrations by the mean daily flow and a conversion 

factor.  These loads are plotted against the percent exceeded of the flow on the day of 

sample collection (Figures 11 - 13).  Points plotted above the 126 CFU/100 mL target 

curve exceed the State water quality target.  Points plotted below the curve are meeting 

the State water quality target of 126 CFU/100 mL.  

 

For each flow interval or zone, a regression relationship was developed between the 

samples which occur above the TMDL target (126 CFU/100 mL) curve and the 

corresponding percent exceeded flow.  The load duration curve for sites 384126, 384129 

and 384124 depicting a regression relationship for each flow interval are provided in 

Figures 11 - 13. 

 

The regression lines for the moist condition and dry condition flow regime flows for site 

384126 and 384129 and moist condition flow regime flows for site 384124 were then 

used with the midpoint of the percent exceeded flow for that interval to calculate the 

existing E. coli bacteria load for that flow interval.  For example, in the example provided 

in Figure 11, the regression relationship between observed E. coli bacteria loading and 

percent exceeded flow for the moist condition and dry condition flow intervals are: 

 

E. coli bacteria load (expressed as 10
7
 CFUs/day) = antilog (Intercept + (Slope*Percent 

Exceeded Flow)) 

 

Where the midpoint of the moist condition interval from 10 to 45 percent is 27.5 percent, 

the existing E. coli bacteria load is: 

 

E. coli bacteria load (10
7
 CFUs/day) = antilog (5.26 + (-3.91*0.275)) 

                            = 15,366 x 10
7
 CFUs/day 

 

Where the midpoint of the dry condition interval from 45 to 92 percent is 68.5 percent, 

the existing E. coli bacteria load is: 

 

E. coli bacteria load (10
7
 CFUs/day) = antilog (5.67 + (-3.29*0.685)) 

                            = 2,592 x 10
7
 CFUs/day 

 

The midpoint for the flow intervals is also used to estimate the TMDL target load.  In the 

case of the previous examples, the TMDL target load for the midpoints of 27.5, and 68.5 

percent exceeded flow derived from the 126 CFU/100 mL TMDL target curves are  

8,324 x 10
7
 CFUs/day and 1,326 x 10

7
 CFUs/day, respectively. 
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Since there was only one E. coli bacteria concentration result above the TMDL target in 

the high flow regime for site 384126 (Figure 11), a regression relationship could not be 

derived for this flow regime.  Therefore, the existing load was estimated based on the E. 

coli concentration for this one sample and its corresponding daily flow. 

 

 
Figure  11.  E. coli Bacteria Load Duration Curve for Baldhill Creek Monitoring 

Station 384126 (The curve reflects flows from 1990-2010). 
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Figure  12.  E. coli Bacteria Load Duration Curve for Silver Creek Monitoring 

Station 384129 (The curve reflects flows from 1990-2010). 

 

 

 
Figure  13.  E. coli Bacteria Load Duration Curve for the Unnamed Tributary 

Monitoring Station 384124 (The curve reflects flows from 1990-2010). 
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5.4 Waste Load Allocation (WLA) Analysis 

Based on a review of the NDPDES Discharge Monitoring Repots (DMRs) for the city of 

Hannaford, the city has discharge five times from 1994-2011. The average total volume 

of wastewater discharged each time was 10.0 million gallons and the average discharge 

period was 5 days (range 3-8 days).  While the grab sample results for the city of 

Hannafordôs wastewater facility reported an E. coli bacteria concentration of 20 CFU/100 

mL, the water quality standard for E. coli bacteria will be used to estimate the WLA for 

the TMDL.  Based on these assumptions a daily load of 954 x 10
7
 CFUs/day is estimated 

for the WLA used for TMDL segment ND-09020203-002-S.  The following is the 

formula used to calculate the WLA: 

 
WLA = 10 million gallons/discharge x 126 CFU/100 mL 

                             5 days/discharge 

 

          = 10 million gallons/discharge x 3.7854 liters/gallon x 1000 mL/1-Liter x 126 CFU/100 mL 

                        5 days/discharge 

 

          = 953.92 x 107 CFUs/day 

 

In 2011 the city of Hannaford was reviewed by the NDPDES program and a grab sample 

indicated an E.coli bacteria concentration of 20 CFU/100 mL in the one cell lagoon.  

Each discharge lasted 3 to 8 days and totaled 10 million gallons of water.  Since the 

NDPDES review reported a 20 CFU/100 mL E.coli bacteria concentration lower than the 

permitted discharge limit, reasonable assurance is not needed for this TMDL. 

 

5.5 Loading Sources 

 

The majority of load reductions can generally be allotted to nonpoint sources, however to 

account of uncertainty due to periodic discharges from the city of Hannafordôs 

wastewater treatment facility, a waste load allocation (WLA) has been included for the 

impaired segment ND-09020203-002-S. 

  

The most significant sources of E. coli bacteria loading were defined as nonpoint source 

pollution originating from livestock. Based on the data available, the general focus of 

BMPs and load reductions for the listed waterbodies should be on riparian grazing 

adjacent to or in close proximity to Baldhill Creek, Silver Creek, and unnamed tributary. 

One of the more important concerns regarding nonpoint sources is variability in stream 

flows.  Variable stream flows often cause different source areas and loading mechanisms 

to dominate (Cleland, 2003).  Three flow regimes (i.e., high, moist, and dry) were used 

for site 384126 and two flow regimes (i.e., moist and dry) were used for site 384129 

because samples indicated exceedences of the water quality standard during periods of 

moderate flows (Figures 8 and 9). Additionally, one flow regime (i.e., moist conditions) 

was selected to represent the hydrology of the listed segment of the unnamed tributary 

(Figure 10).  This flow regime was used for site 384124 because samples indicated 

exceedences of the water quality standard during periods of moderate flow. 

 

By relating runoff characteristics to each flow regime one can infer which sources are 

most likely to contribute to E. coli bacteria loading.  Animals grazing in the riparian area 

contribute E. coli bacteria by depositing manure where it has an immediate impact on 

water quality.  Due to the close proximity of manure to the stream or by direct deposition 

in the stream, riparian grazing impacts water quality at high flow or under moist and dry 

conditions (Table 7).  In contrast, intensive grazing of livestock in the upland and not in 
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the riparian area has a high potential to impact water quality at high flows and medium 

impact under moist conditions impact at moderate flows (Table 7).  Exclusion of 

livestock from the riparian area eliminates the potential of direct manure deposit and 

therefore is considered to be of high importance at all flows.  However, intensive grazing 

in the upland creates the potential for manure accumulation and availability for runoff at 

high flows and a high potential for E. coli bacteria contamination. 

Table 7. Nonpoint Sources of Pollution and Their Potential to Pollute at a Given 

Flow Regime. 

 

Nonpoint Sources 

Flow Regime 

High Flow Moist 

Conditions 

Dry 

Conditions 

Riparian Area Grazing (Livestock) H H H 

Animal Feeding Operations H M L 

Manure Application to Crop and 

Range Land 

H M L 

Intensive Upland Grazing (Livestock) H M L 

Note: Potential importance of nonpoint source area to contribute E. coli bacteria loads under a given flow regime. (H: 
High; M: Medium; L: Low)   

 

6.0 MARGIN OF SAFETY AND SEASONALITY  

 

 6.1 Margin of Safety 

 

Section 303(d) of the Clean Water Act and the U.S. Environmental Protection Agency 

(EPA) regulations require that ñTMDLs shall be established at levels necessary to attain 

and maintain the applicable narrative and numerical water quality standards with seasonal 

variations and a margin of safety which takes into account any lack of knowledge 

concerning the relationship between effluent limitations and water quality.ò  The margin 

of safety (MOS) can be either incorporated into conservative assumptions used to 

develop the TMDL (implicit) or added to a separate component of the TMDL (explicit). 

 

To account for the uncertainty associated with known sources and the load reductions 

necessary to reach the TMDL target of 126 CFU/100 mL, a ten percent explicit margin of 

safety was used for this TMDL.  The MOS was calculated as ten percent of the TMDL.  

In other words ten percent of the TMDL is set aside from the load allocation as a MOS.   

 

6.2 Seasonality 

 

Section 303(d)(1)(C) of the Clean Water Act and associated regulations require that a 

TMDL be established with seasonal variations.  The Baldhill Creek, Silver Creek, and 

unnamed tributary TMDL addresses seasonality because the flow duration curve was 

developed using 20 years of USGS gage data encompassing all 12 months of the year.  

Additionally, the water quality standard is seasonally based on the recreation season from 

May 1 to September 30 and controls will be designed to reduce E. coli bacteria loads 

during the seasons covered by the standard.  
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7.0 TMDL 

 

Table 8 provides an outline of the critical elements of the bacteria TMDL for the three TMDL 

listed segments.  TMDLs for Baldhill Creek (ND-09020203-002-S_00), Silver Creek (ND-

09020203-004-S_00), and unnamed tributary (ND-09020203-008-S_00) are summarized in 

Tables 9 through 11, respectively. The TMDLs provide a summary of average daily loads by 

flow regime necessary to meet the water quality target (i.e. TMDL).  The TMDL for each 

segment and flow regime provide an estimate of the existing daily load, an estimate of the 

average daily loads necessary to meet the water quality target (i.e. TMDL load).  The TMDL 

load includes a load allocation from known nonpoint sources and a 10 percent margin of safety.   

 

It should be noted that the TMDL loads, load allocations, and the MOS are estimated based on 

available data and reasonable assumptions and are to be used as a guide for implementation.  The 

actual reduction needed to meet the applicable water quality standards may be higher or lower 

depending on the results of future monitoring. 

 

  Table 8.  TMDL Summary for Baldhill Creek, Silver Creek, and Unnamed Tributary. 

Category Description Explanation 

Beneficial Use Impaired Recreation Contact Recreation (i.e. swimming, 

fishing) 

Pollutants E. coli Bacteria See Section 2.1 

E. coli TMDL Target 126 CFU/100 mL Based on the current state water 

quality standard for E. coli bacteria.   

Significant Sources Nonpoint Sources No contributing Point Sources in 

Subwatershed 

Margin of Safety (MOS) Explicit 10% 

 

TMDL = LC = WLA + LA + MOS 

 

where 

 

LC   =  loading capacity, or the greatest loading a waterbody can receive without  

 violating water quality standards; 

 

WLA = wasteload allocation, or the portion of the TMDL allocated to existing or future  

 point sources; 

 

LA  =   load allocation, or the portion of the TMDL allocated to existing or future non- 

 point sources;  

 

MOS = margin of safety, or an accounting of the uncertainty about the relationship  

between pollutant loads and receiving water quality. The margin of safety can be 

provided implicitly through analytical assumptions or explicitly by reserving a 

portion of the loading capacity.   

 

  




